The main purpose of this paper is to provide the information about the incidence and types of pathology of secondary acquired obstructions of the lacrimal excretory outflow system caused by primary lacrimal sac non-neoplastic and neoplastic lesions. After a thorough literature search, 17 case-control studies were found and selected, data were extracted and categorized, to evaluate specific lacrimal sac pathology mimicking inflammation. A total of 3865 histopathologically examined lacrimal sac wall biopsy specimens from 3662 patients, taken during dacryocystorhinostomy for clinically presumed primary chronic dacryocystitis, were analyzed. The most common reported histopathological finding was non-specific chronic inflammation with or without fibrosis (94.15% of cases). Lacrimal sac-specific pathologies were present in 226 (5.85%) cases. Unsuspected lacrimal sac-specific pathologies were present in 55/226 (24.34%) cases. Almost 45% of primary lacrimal sac malignant neoplasms were not suspected, preoperatively and intraoperatively. Tumor-like lesions of the lacrimal sac were the most common pathology found: (1) lacrimal stones-dacryoliths, (2) pyogenic granuloma, (3) granulation tissues, (4) reactive lymphoid hyperplasia, and (5) lacrimal sac-specific inflammation (Wegener' s granulomatosis and sarcoidosis). Neoplastic pathology was found in 55/3865 (1.42%) lacrimal sac wall biopsy specimens; of those, malignant cases were 2.24 times more frequent than benign. Lymphoma was the most common preoperatively unsuspected or intraoperatively unexpected neoplastic pathology. This analysis of the relevant literature highlights the value of routine lacrimal sac biopsy during surgery for clinically presumed primary acquired nasolacrimal duct obstruction.
INTRODUCTION
Disorders of the lacrimal drainage system causing epiphora are a common problem in ophthalmology and, in the vast majority of cases, are primary or secondary acquired disorders. They occur in adulthood and are caused by non-specific pathology [1] [2] [3] . Idiopathic chronic inflammation, with or without fibrosis, occurs in clinically presumed primary acquired nasolacrimal duct obstruction (PANDO) [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . A wide variety of causes, such as specific inflammatory [9] [10] [11] [12] [13] , traumatic, mechanical, or neoplastic [14] [15] [16] [17] [18] may mimic idiopathic inflammation [19] [20] [21] in secondary acquired lacrimal drainage system obstruction (SALDO). Neoplastic causes are of special clinical interest ( Figure 1 ) [22] [23] [24] [25] [26] .
In this review we investigate the prevalence and characteristics of specific primary lacrimal sac-pathology as a cause of SALDO. We conducted a comprehensive analysis of relevant published literature in which incisional biopsies of the lacrimal sac wall, obtained during surgery for clinically presumed PANDO, were performed and histopathologically analyzed.
MATERIALS AND METHODS

Literature search
Two researchers searched the literature independently and collectively participated in the study selection. MEDLINE (with both Ovid and PubMed), Embase, MD Consult, the Web of Science, and Google were searched to identify articles examining histopathological findings in specimens taken from the lacrimal sac wall at dacryocystorhinostomy (DCR) for presumed PANDO. The following keywords were used: Lacrimal sac, lacrimal sac histopathology, lacrimal sac specific pathology, lacrimal sac biopsy, chronic dacryocystitis, and dacryocystorhinostomy. An attempt to contact all leading authors via email was made in an effort to find unpublished data.
Eligibility criteria
The inclusion and exclusion criteria were kept broad to maximize the sample size, and to include as much as possible original observational studies that had examined lacrimal sac specimens obtained during routine DCR, by means of histopathology. Disagreements were resolved through consensus.
Data extraction
After a thorough literature search, 17 case-control studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] were selected, reporting the results of histopathological examination of specimens taken from the lacrimal sac wall at DCR, for clinically presumed primary chronic dacryocystitis. The data were extracted and categorized to analyze the most common specific lacrimal sac pathology that masquerade as inflammation. A total number of 3865 lacrimal sac biopsy specimens from 3662 patients were analyzed.
Outcome definition
Two researchers classified independently the data into following categories:(1) Lacrimal sac biopsy specimens/ patients; (2) Pathology other than chronic inflammation (with or without fibrosis) or normal-appearing mucosa, revealed by histopathology, i.e. specific pathology; (3) Primary benign lacrimal sac neoplasm revealed by histopathology; (4) Primary malignant lacrimal sac neoplasm revealed by histopathology; (5) Preoperatively suspected specific lacrimal sac pathology later confirmed by histopathology; (6) Preoperatively suspected primary malignant lacrimal sac neoplasm later confirmed by histopathology; (7) Preoperatively unsuspected but intraoperatively, inadvertently found specific lacrimal sac pathology; (8) Preoperatively unsuspected but intraoperatively, inadvertently found primary malignant lacrimal sac neoplasm; (9) Preoperatively and intraoperatively unsuspected specific lacrimal sac pathology revealed later by histopathology; and (10) Preoperatively and intraoperatively unsuspected primary malignant lacrimal sac neoplasm revealed by histopathology.
RESULTS
The most common reported histopathological finding was non-specific chronic inflammation with or without fibrosis (94.15% of the cases), confirming the diagnosis of primary process. Lacrimal sac specific pathologies were present in 226/3865 (5.85%) cases; this number varied between 0 and 27.42% in different studies (Tables 1 and 2; Supplemental  Tables 1 and 2 ). Clinically and during surgery, unsuspected specific pathologies were present in 55/226 (24.34%) cases; this number varied between 0 and 11.82% in different studies (in 5/17 studies [29.41%] it is not stated [or not available] so the number of clinically and intraoperatively unrecognized cases may be even higher) (Supplemental Table 3 ).
Among lacrimal sac-specific pathology, tumor-like lesions (granulation tissues, pyogenic granuloma, reactive lymphoid hyperplasia, and cases of lacrimal sac-specific inflammation such as Wegener' s granulomatosis and sarcoidosis) and lacrimal stones (dacryoliths) were the most common disorders (Supplemental Table 4 ). Neoplastic pathology was found in 55/3865 (1.42%) lacrimal sac wall biopsy specimens; of those, malignant were 2.24 times more frequent than benign cases (Supplemental Tables 2 and 5 ). However, the percentage of neoplastic pathology out of the overall specific pathology (226 cases) found in the lacrimal sac wall biopsy specimens was much higher, 24.34% (Supplemental Tables 2 and 5 ). Primary benign lacrimal sac neoplasms revealed by histopathology were noted in 17/3865 (0.44%) cases; this number varied between 0 and 1.61% in different studies (Supplemental Tables 2 and 5 ). Primary malignant lacrimal sac pathology was present in 38/3865 (0.98%) cases; this number varied between 0 and 3.45% in different studies, and lymphoma was the most common entity reported (Supplemental Tables 2 and 5 ). Preoperatively suspected specific lacrimal sac pathology, and later confirmed by histopathology, was present in 25/3865 (0.65%) cases; this number varied between 0 and 3.71% in different studies (Supplemental Table 3 ). These pathological cases were suspected because of known preoperative history or evidence of relevant local or systemic conditions which could be anticipated to involve the lacrimal drainage system. Preoperatively suspected primary malignant lacrimal sac neoplasm, later confirmed by histopathology, was present in 7/3865 (0.18%) cases; this number varied between 0 and 1.59% in different studies (Supplemental Table 3 ). Pre-or intraoperatively unsuspected malignancies were present in 17/3865 (0.44%) cases; this number varied between 0 and 1.61% in different studies (Supplemental Table 3 ). The evidence of intraoperatively found lacrimal sac abnormality (including dacryoliths) was noted in 102/3865 (2.64%) cases; this number varied between 0 and 17.39% in different studies (Supplemental Table 6 ). Preoperatively unsuspected but intraoperatively, inadvertently found primary malignant lacrimal sac neoplasm was noted in 14/3865 (0.36%) cases; this number varied in between 0 and 1.20% in different studies (Supplemental Table 6 ). However, the percentage of unrecognized specific pathologies out of the total number of specific pathologies (226 cases), found among the lacrimal sac wall biopsy specimens, was much higher, up to 24%. The percentage of unrecognized malignant neoplasms out of the total number of malignancies (38 cases) was even higher, up to 45% (Supplemental Table 3 ).
DISCUSSION
The main purpose of this paper is to provide information about the incidence and types of pathology of SALDO caused by primary lacrimal sac non-neoplastic and neoplastic lesions.
This was accomplished by a diagnostic investigation of a pool of routine incisional biopsy samples of 3865 consecutive, clinically presumed primary dacryocystitis cases treated by DCR, from 17 clinicopathological studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The first and most cited study performed by Linberg and McCormick [3] was not included in this analysis because the biopsy specimens were obtained from the nasolacrimal duct and not from the lacrimal sac. The authors from the 17 studies had assessed indirectly an incidence of significant lacrimal sac pathology mimicking (or clinically suspected for) PANDO. This was accomplished by determining the incidence of lacrimal sac tumors found in routine biopsy material obtained from the sac during PANDO surgery. Most of the authors from the 17 studies indicated that only a selective lacrimal sac biopsy during DCR in atypical, clinical, or intraoperatively suspicious cases, rather than routine biopsy of all patients with PANDO, is warranted. According to these studies, routine biopsies are unnecessary [16, 20, 27] , not indicated [15] , expensive and burdensome [11] , of questionable benefit [10] , time-consuming, the rate of malignancies is low enough to justify not to perform the biopsy [16] , etc. In their opinion, specific pathology is a rare finding in clinically presumed PANDO. Thus, biopsy is justified only in the following cases: (1) if any suspicion of abnormality of the lacrimal sac exists, (2) in those cases with a positive history of systemic disease, or (3) when there is a suspicion of a neoplasm based on the clinical, historical, or intraoperative findings. However, as our analysis has undoubtedly revealed, a significant number of other specific pathological processes may arise in the lacrimal sac and masquerade [5] 162 150 B 9 5.55 Çiftci et al. (1999) [6] and Çiftci et al. (2000); [7] Çiftci et al. (2005) [ [12] 90 NA NA Soparkar and Patrinely (2003) [13] 220 220 as chronic inflammation. There is always a risk of overlooking primary malignant pathologies originated in the lacrimal sac causing a nasolacrimal system obstruction. Malignant neoplasia, especially lymphoproliferative neoplasia, can easily be overlooked [28] [29] [30] [31] [32] . According to our results, almost 45% of primary lacrimal sac malignant neoplasms were unsuspected, preoperatively and intraoperatively, emphasizing the importance of adequate early diagnosis. Clinically, it is sometimes very difficult to differentiate chronic dacryocystitis from lacrimal sac neoplasm, especially in the early phase (stage 1, according to Ni et al. [23] ), when there is an absence of definite tumor on palpation. Furthermore, intraoperatively, any gross abnormality of the lacrimal sac may not be visible. Moreover, there is no absolute guarantee that intraoperative normal appearance of the lacrimal sac indicates that there is no pathologic process in the sac other than chronic inflammation or fibrosis. Experienced surgeons were up to 98% sensitive in detecting specific lacrimal sac pathology [21] . Nevertheless, malignant neoplasia, without clinical signs or symptoms suggestive of a possible underlying lacrimal sac tumor, and incipient to produce a grossly visible abnormality, could appear normal or consistent with chronic inflammation [33] [34] [35] [36] [37] [38] [39] . The value of routine histological examination of the lacrimal sac wall at DCR, in those cases, is indubitable. The pathologic diagnosis of malignant neoplastic process impacts further clinical management and prompts a systemic workup to determine whether additional therapy is required.
Obtaining a representative incisional biopsy sample of the lacrimal sac lesion is challenging especially in cases without any grossly visible pathology at the time of surgery. Sometimes, biopsy may yield a false negative result and a misdiagnosis of chronic inflammation can be made. Consequently, when one has to review or evaluate the results of blind/random incisional biopsies of the lacrimal sac wall, in order to estimate the risk of missing specific pathologies or to improve the detection rate of early tumors, those facts should be considered.
Dacryoliths, primary lacrimal sac lymphoma, sarcoidosis (in most of the cases with confirmed systemic disease), pyogenic granuloma, and granulation tissue are the most common specific lacrimal sac pathologies that one can expect in patients with clinically presumed PANDO. In our analysis, lymphoma was the most common malignant neoplasm found in the patients with presumed PANDO. Further, it was the most common preoperatively unsuspected or intraoperatively unexpected pathology present in the patients with presumed PANDO. At this moment, we can only hypothesize how sustained inflammation increases the risk of genotoxic insults and initiation of oncogenesis. Among epithelial neoplasms, the most common were Schneiderian papilloma (inverted and exophytic types) and squamous cell carcinoma.
CONCLUSION
This analysis highlights the value of routine lacrimal sac biopsy during DCR for clinically presumed PANDO. Routine incisional biopsy of the lacrimal sac wall during DCR does not affect the success of the surgery (if biopsy specimen is not too large to compromise the flap required for an adequate anastomosis to the nasal mucosa, in external DCR). It is certainly not a time-consuming procedure for an ophthalmologist surgeon and does not increase the costs of the surgery. In addition, the costs of histopathological evaluation are assuredly affordable even for low-income countries. This procedure may confirm a previously known diagnosis or, more importantly, may bring forward the diagnosis of unsuspected or unexpected neoplasia.
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